In this study, we investigate the contribution of earthquakes to the deformation of Zagros province and compare the seismicity and the density of earthquakes in different parts of the province. The mathematics used in this research is based on calculations of moment rates. The seismic moment rate is the average amount of seismic energy releases from the tectonic province in each year. The geodetic moment rate is the average amount of energy which is consumed every year to make deformation in Zagros. The ratio of these two moment rates expresses the contribution of earthquakes in making deformation in Zagros province. According to the calculations, this ratio is estimated to be 13.06%. Along with the information obtained from the moment rates, we can also obtain the shear and the dilative strain rates from the strain rate tensors, which show the volumetric changes and the deformation rate in different parts of the Zagros, respectively. The data used in this study include the focal coordinates of the Zagros earthquakes with their magnitude and the velocity vectors of the Zagros geodynamic network, which are used to calculate the seismic and the geodetic moment rates.
INTRODUCTION
The Zagros fold-thrust belt is an orogenic belt along the NW-SE that stretches about 2000km from Turkey to the Strait of Hormuz in the southwest of Iran (Berberian, 1995) . This belt is limited to the north by the main Zagros fault, which is referred to as connection of Neo-Tethys ocean. Recent tectonic activities in this area are the result of convergence of the continental plates of Arabia and Eurasian from the late Cretaceous/early Miocene. This belt, which is the youngest continental conjunction zone on the planet, is a key area for studying the processes that occurred at the early stages of the formation of convergent regions .
In general, the orogeny phenomenon and the other aspects of deformation created on the earth's surface are responses to the stresses imposed to different parts of the earth's crust. Earthquakes, as one of the important factors of deformation, are the result of the accumulation of elastic energy in the earth's crust, and the greater amount of energy accumulated in the crust, the larger earthquake will happen. Investigation of the focal mechanisms of Zagros earthquakes indicates shortening and thickening in the main fault and the reverse faults of the Zagros which are responsible for the deformation in this area (Mostafazadeh et al. 2000; Talebian and Jackson, 2004) . Based on the slip rate and the attitude of deformation obtained from GPS observations, Zagros is divided into two parts: the North Zagros and the Central Zagros. The right lateral strike slip Kazerun fault is considered as the border between the North and the Central Zagros (Baker et al. 1993; Vernant et al. 2004 shortening component that is perpendicular to the Zagros strike (Walpersdorf et al. 2006) . The larger part of the deformation is observed in the southern part of the Zagros, while seismicity is distributed all over the region.
By combining the information obtained from geological and tectonic studies and seismic data, we can determine some areas on a geological map which have different seismic power and distinguish from the adjacent areas. These areas are called tectonic provinces.
In this study, we investigate the contribution of earthquakes in making deformation in Zagros and interpret the deformation rate in different regions of the tectonic province by using the strain rate tensor. These calculations are based on the seismic and geodetic moment rates. The seismic moment rate of the Zagros represents the average amount of seismic energy releases every year from the tectonic province. The geodetic moment rate is also the average amount of energy that each year is spent on creating the deformation in Zagros. The ratio of these two moment rates indicates the contribution of earthquakes in making deformation in Zagros. The shear strain rate and the dilative strain rate can be obtained by calculating the strain rate tensor. Each of these parameters describes a different description of the deformation rate in Zagros. We can conclude new information about the seismic activity of the Zagros faults by interpreting the strain rate components and the density of the earthquakes in Zagros province.
PROPOSED METHOD
In this research, we use the seismic data to calculate the seismic moment rate. These data are provided by the International Institute of Earthquake Engineering and Seismology (IIEES). Mirzaei et al (1998) delineated five major tectonic provinces in Iran based on all available geophysical, geological, tectonic and earthquake data ( Figure 1 ). Earthquake magnitudes are expressed in different scales in the seismic catalogues and must be converted to moment magnitude ( W M Figure 1 . Major tectonic provinces of Iran developed by Mirzaei et al (1998) . The red lines depict the major active faults developed by Hessami et al (2003) .
The scalar seismic moment ( 0 M ) is calculated using the following equation (Kanamori, 1977) :
This parameter describes the amount of seismic energy releases at the time of earthquake. The total seismic energy of the Zagros earthquakes in each year indicates the seismic moment of the Zagros province ( Figure 4 ).
The cumulative seismic moments are calculated by using the seismic moments. A degree one polynomial is fitted to the cumulative moments and the slope of the fitted line is considered as the seismic moment rate ( Figure 5 ). Ward (1998) used the following equation to calculate the geodetic moment rate:
Where  is the shear modulus of crust which is considered to be 10 2 3*10 Nm , H is the thickness of the seismogenic layer,
A is the network triangle area and max  is the absolute of maximum eigenvalue obtained from the 2D strain rate tensor.
The seismogenic layer is that part of the earth's crust whose deformation is elastic, and the major fractures caused by the earthquakes occur in this part. Considering the effect of the systematic errors in the focal coordinates of the earthquakes (including the error of the focal depth and the epicenter location), we don't use all of these coordinates to calculate the seismogenic thickness. Results of waveform modeling and microearthquake studies reveal that the majority of earthquakes in Zagros occur in depths of 8~15km (Mirzaei et al. 1997) . In order to decrease the effects of systematic errors, we use the coordinates whose focal depths are less than 20km. The thickness of the seismogenic layer is calculated at the centroids of the network triangles ( Figure 6 ) by using a weighted average of the focal depths. We use the Delaunay method to triangulate the geodynamic network of the Zagros. The following equations describe how to calculate this parameter. 
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Where j D is the focal depth of the j th earthquake, C Hyp r is the Euclidean distance between the centroid of a network triangle and the hypocenter of an earthquake, N is the total number of Zagros earthquakes, i S H is the estimation of the seismogenic thickness in the centroid of each triangle and m is the power of distance which its value is determined empirically. Here, m is considered to be 2.
The coordinates of the geodynamic network stations are expressed in the geodetic coordinates ( ,, h  ). Where  is the geodetic latitude,  is the geodetic longitude and h is called the geodetic height. 
The focal coordinates of the earthquakes' hypocenters are expressed in geodetic latitude, geodetic longitude and focal depth ( D ) in the seismic catalogues. In order to calculate the Cartesian coordinates of the hypocenters ( ,,
Hyp
Hyp Hyp x y z ) in equation (8), we need to convert the focal depths to the geodetic heights ( h ). This conversion is carried out by the SRTM heights. Considering the epicenter of each earthquake, we can find an SRTM cell of 4 points around the epicenter which are the nearest points to the epicenter (Figure 3) . The geodetic height of the epicenter point is calculated by using a weighted average as follows:
Where i h is the geodetic height of the i th vertex of the SRTM cell around the epicenter point and i j d is the Euclidean distance between the projected j th Epicenter and the projected i th vertex on the reference ellipsoid. For projecting the points on the reference ellipsoid, it is enough to consider the geodetic heights as zero. The geodetic latitude and longitude of the points are also known. So, we can determine the Cartesian coordinates of the projected points using the equations (11), (12) and (13). By calculating the geodetic height of the epicenter, the geodetic height of the hypocenter will be calculated simply:
Where D is the focal depth of the hypocenter. Now, the Cartesian coordinates of the hypocenter can be determined and the Euclidean distance C Hyp r in equation (9) is calculated.
To calculate the eigenvalues of the 2D strain rate tensor, we use the finite element method. The elements of the tensor are calculated at the centroids of the network triangles ( Figure 2 ). Strain rate tensor is a symmetric tensor, so it has 6 independent elements. The following equations show how to calculate these elements:
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-4/W18, 2019 GeoSpatial Conference 2019 -Joint Conferences of SMPR and GI Research, 12-14 October 2019, Karaj, Iran (20) and (21). By calculating these parameters, the strain rate tensor is determined as follows:
The absolute of maximum eigenvalue for this tensor is used to calculate the geodetic moment rate in equation (7).
We can find the following relationships between the eigenvalues of the strain rate tensor. 
2D   is the dilative strain rate parameter derived from the 2D strain rate tensor. We can find a geometric concept for the dilative strain rate by following definition:
The 2D shear strain rate is defined by the following equation: 
We can generalize the above equations to 3D format. In this case, we use all of the components of velocity vectors. The elements of the 3D strain rate tensor are calculated by using the finite difference method in each of the GPS stations. 
Where   ,, j j j X Y Z are the coordinates of the station that we're going to calculate its tensor elements. The elements of the 3D strain rate tensor, the 3D dilative and shear strain rates calculate as follows: It should be noted that the components of the velocity vectors have been expressed in the navigation coordinate system. In order to use these components, we need to convert them to the geodetic coordinate system. The following equation is used for performing the conversion (Drake, 2002) . . The contribution of the earthquakes to the Zagros deformation is determined by dividing the seismic moment rate to the geodetic moment rate which is about 13.06%. In addition to calculation of the moment rates, the changes of the seismogenic thickness can also be depicted in different parts of the Zagros. Figure ( If we consider the density of the earthquakes larger than 5 Richter, we can describe the above results more clearly. Figure  (11) shows the location of these earthquakes. in Zagros
CONCLUSIONS
Considering the results, we conclude that most of the surface deformation in Zagros have been created in an aseismic way and the earthquakes have had little contribution in making it. The studies carried out by (Jackson and McKenzie, 1988) revealed only 10% of the total deformation in Zagros was created by the earthquakes and most of the Zagros deformation is aseismic.
Waveform modelling shows that the large earthquakes in Zagros, happen in upper crust up to the depth of 15km Ni and Barazangi, 1986) . Given that there are systematic errors in the depth measurements of earthquakes, the estimated seismogenic thickness shows a good coincidence with the results of waveform modelling. Investigating the density of the earthquakes larger than 5 Richter also shows that the major earthquakes occur in the southern Zagros and some parts of the central Zagros. The seismogenic thickness in these areas is lower than the other parts, and the information obtained from the 3D strain rate tensor also shows that the volumetric reduction of the province in these regions is slower than the other parts of Zagros.
